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This paper describes the results of work on the feasibility of using 
high frequency ultrasound to determine .the degree of bondedness of multi-
layer structures. A sandwich structure of two identical metal sheets of 
thickness on the order of 25 ~m, bonded together by a dissimilar third 
layer of thickness 10 ~m was examined. The primary disbond was expected 
to be in the region of the interface between the top two metal layers. 
Frequency domain analysis using a Wiener-filtered FFT was used to extract 
a signature related to the properties of the upper metal strip as an 
acoustic resonator, which is strongly dependent on the boundary conditions 
on its back surface. The frequency range of 200 to 300 MHz was determined 
to be the appropriate range at which to perform the inspections. The 
sandwich structure was modelled forvarying degrees of bondedness, and 
frequency domain measurements were made on a number of samples using a 
300 MHz acoustic transducer and electronic setup. Experimental results 
have indicated strong correlation between the depth and width of nulls 
in the Wiener-filtered spectrum and the state of bondedness. The results 
correspond well to the acoustic resonance of the disbonded upper metal 
layer as predicted by the theory. 
STATEMENT OF PROBLEM AND APPROACH 
The problem to be addressed is the state of bondedness between the 
first and second layers of a thin, bonded metal sandwich. In this case, 
the sandwich was formed of two 25 ~m layers with a 1Q ~m layer of a dis-
similar metal between. Disbonds or voids between the top and second 
layers were leading to reliability and inspectability problems. The 
authors were approached to determine the feasibility of an ultrasonic 
inspection technique and demonstrate an implementation of that technique. 
The extremely small thicknesses of the layers and the small sizes of the 
voids to be detected made the problem a difficult one. 
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The effect used to accomplish the inspection is the reflection of 
sound waves from interfaces between dissimilar materials. The reflection 
coefficient of a metal to metal interface is much smaller than that of a 
metal-vacuum, metal-air or metal-water interface. If geometrical fac tors 
and material properties are amenable, bondedness can be measured by inter-
rogating the sample with a sound pulse in a water bath to measure the 
reflection coefficient of the metal-metal interface. If the frequency and 
bandwidth of the sound pulse can be made high enough, the echoes from the 
various surfaces will be distinct in time, and the echo from the desired 
interface may be measured directly. If separation of echoes in the time 
domain cannot be achieved, frequency domain analysis by Fourier Transform 
may be used to extract a signature related to the properties of the upper 
metal strip as an acoustic resonator, which are strongly dependent on the 
boundary conditions on its back surface. Interpretation of frequency 
domain results is simplified by use of the Wiener filter, which presents 
the useful data in normalized form, and suppresses the noisy portions of 
the data. 
The Wiener filter is a frequency-domain signal processing technique 
which divides the signal power spectrum by a reference spectrum (obtained 
in our case from a simple reflector) at frequencies where the reference 
spectrum is not noisy, and reduces the spectral amplitude gracefully to 
zero where the reference spectrum is below a specified noise level. This 
has the effect of presenting the significant portions of the reflection 
coefficient function of the sample in a normalized fashion, and removing 
portions of the spectrum which do not contain meaningful information. 
For these particular samples, in the time domain, the echo from the 
interface to be inspected arrives about 11 nanoseconds after the front 
surface echo. Evaluation of this echo may be confused easily by the 
finite pulse duration of a practical transducer, as well as by lead 
height variations, surface roughness, and beam irregularities. A center 
frequency of at least 1.5 GHz would be required to directly inspect this 
interface. Technical difficulties would be great. However, in the 
frequency domain, the time delays between multiple echoes in the layered 
structure lead to periodicities of about 30 MHz in bonded regions, while 
periodicities of about 100 MHz are obtained in disbonded regions. The 
interfering fac tors mentioned above do not severely affect the 
effectiveness of the technique because a frequency domain technique 
uses a long interval of signal and adds the effects of multiple echoes. 
Figure 1 shows the geometry of the structure to be inspected and 
the relationship of the acoustic transducer and beam to the sample. 
A 300 MHz zinc oxide transducer on a sapphire buffer rod was chosen to 
give a usable bandwidth covering the range of frequencies over which 
resonances of the structure useful for signature analysis were found. 
In our case, signature extraction from the spectrum required operation 
over frequencies rang ing from 200 to 300 MHz. Dur setup had a useful 
signal to noise ratio over a frequency range of 100 to 300 MHz. The 
beam was focussed to be a diameter of approximately 30 ~m, minimizing 
sensitivity to roughness of the surfaces and giving excellent sensitivity 
to small disbonded regions. 
Factors which affect the performance of the measurements described 
above include the acoustic velocities of the two metals, which determine 
the delay times between echoes; their attenuation coefficients, which 
govern weakening of the echoes from internal interfaces and help to 
determine the maximum usable frequency; and the acoustic impedances of 
the water transmis sion medium and the two metals, which determine the 
reflection coefficients of the front surface and internal interfaces. 
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Figure 1. Diagram of the Relationship of the Transducer and Sound Beam 
to the Three-Layer Metal Sandwich to be Inspected. 
The acoustic properties of the two metals were measured and the 
structure was modelled for varying degrees of bondedness. Figures 2 and 
3 show calculated reflection coefficients versus frequency for the fully 
bonded structure and for the unbonded top layer. The differences in null 
location and depth between the two structures are readily apparent. In 
order to simulate the signals expected in a real measurement, the 
frequency response of a transducer and the frequency dependent attenuation 
in the water path between the transducer and the sample were added. The 
results are shown in Figures 4 and 5 for the three layer and unbonded 
layer structures. Comparison of these graphs shows which resonances will 
form the basis of a bondedness signature for this structure. 
EXPERIMENTAL TECHNIQUE 
The following inspection procedures were used: 
1. Align aflat reference surf ace under the transducer for maximum 
echo amplitude and compactness, at the proper focal depth. 
Record the echo waveform and save it for use as a reference for 
Wiener filtering. 
2. Replace the reference surface with the sample and record the RF 
echo. Calculate the spectrum and normalize the spectrum of the 
reference echo using a Wiener filter. 
3. Inspect the resultant spectrum for signature information. 
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Figure 2. Theoretical Reflectivity vs. Frequency of a Well-Bonded 
Three-Layer Structure. 
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Figure 3. Theoretical Reflectivity vs. Frequency of an Unbonded 
Metal Layer. 
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Figure 4. Theoretical Received Signal vs. Frequency of a Well-Bonded 
Three-Layer Structure, Including Transducer Response and 
Water Path Loss. 
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Figure 5. Theoretical Received Signal vs. Frequency of an Unbonded Metal 
Layer, Including Transducer Response and Water Path Loss • 
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Figure 6. Experimental Received Signal vs. Frequency of a Well-Bonded 
Three-Layer Structure with Wiener Filtering. 
RESULTS 
Figure 6 shows the Wiener filtered power spectrum obtained from an 
echo received from a sample of the well-bonded three layer structure. 
No deep nulls are seen. The signature corresponds approximately to that 
shown in Figure 4, within variations to be expected from uncertainty in 
the thicknesses of the metal layers. Figure 7 shows the same result 
obtained from an identical sample, but with a void behind the first 
layer. Here, a deep null is easily noted at a frequency of 230 MHz. 
This corresponds almost exactly with the theoretical result shown in 
Figure 5. The agreement is excellent. This demonstrates that Wiener 
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Figure 7. Experimental Received Signal vs. Frequency of an Unbonded 
Metal Layer, with Wiener Filtering. 
filtering can be used to extract meaningful information from signals 
when the experimental conditions do not allow adequate bandwidth to 
resolve the structures to be inspected in the traditional amplitude 
versus time method. 
Measurements were made on a large number of samples. A statistical 
study has indicated strong correlation between Wiener filter analysis of 
re turn echoes to extract the acoustic resonance of the disbonded metal 
layer, and the actual fraction of disbonded area as determined by post-
mortem SEM photographs of peeled samples. 
CONCLUSIONS 
We have identified and studied an acoustic technique for evaluating 
bonded metal sandwiches when time separation of echoes i8 not readily 
achieved. The technique depends on the measurement of the relative 
strengths of front surf ace echoes and echoes from the back surf ace of the 
top layer. A Fourier analysis method utilizing the Wiener filter was 
used to isolate the desired effect and produce readily quantifiable 
signatures; the width and depth of a null in the power spectrum of the 
return signal after broadband excitation. Correlation was found between 
bondedness as determined by SEM photography of peeled samples and null 
depth. 
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